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© Impact Wrench having Torque Controlling Faculty. 

© An air motor (3) generates primary torque, an 
oil pressure pulse generating unit (4) converts 
the primary torque into a pulsatory secondary 
torque, which is applied to a main spindle (16), a 
transducer (5) detects the secondary torque, 
and a shut-off valve (21) is closed to stop supply 
of compressed air to the motor (3) when the 
secondary torque exceeds a predetermined 
threshold value. The spindle (16) is made of 
magnetostrictive material and its distortion is 
detected by a pair of coils (17a, 17b) arranged in 
opposition to the spindle (16). The coils 
(17a, 17b) are connected into a bridge circuit 
together with resistors (27a,27b) and an excit- 
ing current having a sinusoidal waveform is 
supplied to one set of diagonal points (A,B) of 
the bridge circuit The voltage appearing across 
the other set of diagonal points (C,D) is detec- 
ted to produce a torque detection signal which 
represents the secondary torque. The torque 
detection signal is sampled and held at a pre- 
determined phase which is fixedly related to a 
phase of the exciting current, to produce a 
torque measurement signal which represent a 
peak value of the secondary torque applied to 
the spindle (16). 
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The present invention relates to a torque wrench 
in which a clamping torque of a main spindle can be 
controlled, and more particularly to an impact wrench 
or oil pulse wrench comprising an air motor unit hav- 
ing a driving shaft, an oil pressure pulse generating 
unit for converting a driving torque of the driving shaft 
into a pulsatory torque, and a main spindle which is 
rotated in a pulsatory manner by means of the pulsat- 
ory torque generated by the oil pulse generating unit. 

There have been proposed various types of the 
above mentioned impact wrench with the torque con- 
trolling faculty. In such an impact wrench, a torque 
applied to a main spindle is detected and when the 
detected torque exceeds a predetermined threshold 
value, a shut-off valve provided in an air conduit for 
supplying a compressed air to an air motor is closed 
to stop the rotation of the main spindle. For instance, 
in Japanese Utility Model Application Laid-open 
Publication Jikkai Sho 61-81878, there is described a 
known impact wrench with the torque controlling 
faculty, in which a planetary reduction gear is 
arranged between an output shaft of an oil pressure 
pulse generating unit and a main spindle to which a 
tool is detachably secured and a ring gear is formed 
in an inner wall of a gear casing of the planetary reduc- 
tion gear such that the ring gear is engaged with the 
planetary reduction gear. A strain gauge is applied on 
an outer surface of the gear casing and a clamping 
torque applied to the main spindle is measured by pro- 
cessing an output signal of the strain gauge. 

In this known impact wrench, since use is made 
of the planetary gear mechanism, it is impossible to 
detect the torque applied to the main spindle directly. 
Further, an operator of the impact wrench is subjected 
to a rather large repelling force of the gear casing. 

In Japanese Patent Application Laid-open Publi- 
cation Kokai Sho 61-4676, there is described another 
known impact wrench having the torque controlling 
faculty, in which a strain gauge is directly applied on 
a main spindle and an output signal of the strain 
gauge is taken out by means of a rotary transformer 
whose primary coil and secondary coil are provided 
on the main spindle and a main housing of the impact 
wrench, respectively. 

In this known impact wrench, the torque of the 
main spindle can be directly detected without making 
contact with the main shaft, so that the repelling force 
applied to the operator can be made small, but the 
strain gauge and the primary coil of the rotary trans- 
former are secured to the main spindle which is 
rotated at a very high speed, so that they are liable to 
be pealed off the main spindle. Therefore, the fluctu- 
ation of the detected torque is very large and the accu- 
racy of the torque measurement might be reduced 
within a relatively short time period. 

The present invention has for its object to provide 
an impact wrench, having a torque controlling faculty, 
in which the torque of the main spindle can be detec- 



ted in a non-contact manner and the reduction of the 
torque detection accuracy can be avoided for a long 
time, while the repelling force applied to the operator 
can be decreased. 
5 In particular, the present invention provides an 

impact wrench having a torque controlling faculty, 
comprising: 

an air motor unit for generating primary torque; 

an air supply unit including an air conduit for 
10 supplying compressed air to the air motor unit; 

a shut-off valve provided in the air supply unit; 

a main spindle arranged rotatably and made of 
material having a magnetostrictive effect; 

a torque converting means arranged between 
15 the air motor unit and said main spindle for converting 
the primary torque produced by the air motor unit into 
secondary torque which is applied to said main spin- 
dle; 

a transducer unit for detecting a change in the 
20 permeability of a surface portion of said main spindle 
to produce a torque detection signal which represents 
a pulsatory change of a torque applied to said main 
spindle; 

a signal processing circuit for sampling and 

25 holding said torque detection signal at a predeter- 
mined constant phase to generate a torque measure- 
ment signal; and 

a control circuit for receiving said torque 
measurement signal to produce a valve cut command 

30 when the torque measurement signal exceeds a pre- 
determined threshold value; and 

a means for closing said shut-off valve in res- 
ponse to said valve cut command to stop the supply 
of the compressed air to said air motor. 

35 According to further aspect of the present inven- 

tion, an impact wrench with the torque controlling 
faculty comprises: 

a main spindle arranged rotatably and made of 
material having a magnetostrictive effect; 

40 an air motor unit including an eccentric cylin- 

der, a rotary driving shaft arranged rotatably within 
said eccentric cylinder and vanes secured to said rot- 
ary driving shaft; 

an air supply unit including an air conduit for 

45 supplying a compressed air to said eccentric cylinder 
of the air motor unit to rotate said rotary driving shaft; 

a shut-off valve provided in said air supply unit 
for selectively cutting a supply of the compressed air 
to said eccentric cylinder of the air motor unit; 

so an oil pressure pulse generating unit provided 

between said main spindle and said rotary driving 
shaft of the air motor unit for converting the rotating 
force of the rotary driving shaft into a pulsatory driving 
force which is applied to said main spindle and has a 

55 first frequency; 

a transducing means including a magneto- 
electric converting means for detecting a change in a 
permeability of a surface portion of the main spindle, 
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an exciting current generating means for generating 
an exiting current which is supplied to said magneto- 
electric converting means and has a predetermined 
second frequency which is higher than said first fre- 
quency, and a detecting circuit connected to said s 
magneto-electric means for detecting a change of 
said exciting current to produce a torque detection 
signal which represents a pulsatory change of a tor- 
que applied to said main spindle; 

a signal processing circuit connected to said 10 
detecting circuit for sampling and holding said torque 
detection signal at a predetermined constant phase to 
generate a torque measurement signal; 

a control circuit for receiving said torque 
measurement signal to produce a valve cut command 15 
when the torque measurement signal exceeds a pre- 
determined threshold value; 

a pilot valve for closing said shut-off valve in 
response to said valve cut command; and 

a signal transmitting means for supplying said 20 
valve cut command to said pilot valve to close said 
shut-off valve. 

In the impact wrench according to the present 
invention, the main spindle is made of material having 
the magnetostrictive effect, so that when a pulsatory 25 
torque is applied to the main shaft, the magnetic per- 
meability of the surface portion of the main spindle is 
changed in a pulsatory manner. This change in the 
magnetic permeability can be detected by magneto- 
electric converting means such as coils.a magneto- so 
resistance element or a Hall element,secured to an 
inner wall of a main housing. Therefore, the torque 
can be detected directly without making into contact 
with the main spindle, and thus the repelling force 
applied to the operator can be reduced and the torque 35 
detection accuracy is hardly decreased for a very long 
time of usage. Further when the exciting current has 
a sinusoidal waveform, the output signal of the mag- 
neto-electric converting means has also a sinusoidal 
waveform whose phase relationship with respect to 40 
the exciting current is not influenced by the change of 
the torque. Therefore, by sampling and holding the 
torque detecting signal having the sinusoidal 
waveform at a constant phase point the torque 
applied to the main shaft can be detected very pre- 45 
cisely, and thus the torque can be controlled accu- 
rately. For instance, the torque detection signal may 
be sampled and held at such a phase point that the 
peak value of the torque detection signal is extracted. 

For a better understanding of the invention, refer- so 
ence is taken to the accompanying drawings, in 
which: 

Fig. 1 is a cross sectional view showing the con- 
struction of a main portion of an embodiment of 
the impact wrench according to the invention; 55 
Fig. 2 is a circuit diagram illustrating a torque 
detection circuit of the impact wrench; 
Fig. 3 is a perspective view depicting the whole 



construction of the impact wrench including the 
main portion shown in Fig. 1 and a controller; 
Fig. 4 is a cross sectional view cut along a line A-A 
in Fig. 1; 

Fig. 5 is a block diagram showing an air circuit of 
the impact wrench shown in Fig. 1; 
Fig. 6 is a graph representing a timing of sample 
and hold; 

Fig. 7 is a graph showing response frequency- 
noise characteristics of the sample and hold 
detection according to the invention in compari- 
son with the synchronous detection; 
Fig. 8 is a graph showing a mutual relationship 
between the number of usages and the fluctu- 
ation of the detected torque; and 
Fig. 9 is a graph illustrating a relationship be- 
tween the air pressure and the repelling force. 
Fig. 1 is a cross sectional view showing the con- 
struction of a main portion of an embodiment of the 
impact wrench with the torque controlling faculty 
according to the present invention. The main portion 
of the impact wrench comprises a main housing 1 in 
which there are arranged air supply unit 2, air motor 
unit 3, oil pressure pulse generating unit 4 and torque 
transducer unit 5. In the present embodiment, the 
main housing 1 is constructed in the form of a pistol 
which can be easily handled by a single hand of an 
operator, but it may be constructed in any other form. 
The construction of the air supply unit 2, air motor unit 
3 and oil pressure pulse generating unit 4 is the same 
as that of the known impact wrench, so that it is not 
explained here in detail. The air supply unit 2 com- 
prises an air conduit 6 which is communicated with the 
air motor unit 3. In the air conduit 6 there are provided 
a main valve 7 and a rotational direction changing 
valve 8 in this order viewed in a direction in which a 
compressed air is supplied to the air motor unit 3. 

The main valve 7 is opened by pulling a valve 
operation lever 9 movably provided on the main hous- 
ing 1, and the rotational direction changing valve 8 is 
operated by rotating a rotational direction changing 
lever 10 rotatably arranged on the main housing 1 be- 
tween given rotational positions. The air motor unit 3 
comprises a rotary driving shaft 11 which is arranged 
in an eccentric cylinder and is rotated by projecting an 
air stream against vanes 1 2 secured to the rotary driv- 
ing shaft 11. The oil pressure pulse generating unit 4 
comprises a liner casing 13 directly coupled with the 
rotary driving shaft 1 1 of the air motor unit 3, a liner 
14 arranged within the liner casing and secured to the 
liner casing, and a driving blade 15 rotatably arranged 
within an inner space of the liner 14, said inner space 
being eccentric with respect to the liner casing 13. 
The driving blade 15 is connected to a main spindle 
16 such that the driving blade is rotatable together 
with the main spindle, but is movable with respect to 
the main spindle in a radial direction of the main spin- 
dle. A space formed between the inner wall of the liner 
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26 and the main spindle 16 within the liner casing 13 
is filled with an oil. 

When a torque having a level exceeding a pre- 
determined value is not applied to the main spindle 
16, the main spindle 16 is rotated together with the 
liner casing 13, i.e. the rotary driving shaft 11 of the 
air motor unit 3 due to a friction between the inner wall 
of the liner 26 and the driving blade 1 5, but when a tor- 
que exceeding the predetermined value is applied to 
the main spindle 16, the oil pressure which is applied 
to the inner wall of the driving blade 15 via a relief 
valve 26 is changed, so that the main spindle 16 is 
rotated by a very strong impact force. The oil pressure 
pulse generating unit 4 functions to convert a primary 
torque generated by the air motor unit 3 into a pulsat- 
ory secondary torque which is applied to the main 
spindle 16. In this connection, the impact wrench of a 
type mentioned above is sometimes called the oil 
pulse wrench. A magnitude of the pulsatory secon- 
dary torque is changed by adjusting the relief valve 
26. 

The transducer unit 5 comprises a pair of coils 
17a and 17b which are arranged around the main 
spindle 16 and are secured to the inner wall of the 
main housing 1. The main spindle 16 is made of ma- 
terial having the magnetostrictive effect and first and 
second arrays of recesses 18a and 18b are formed on 
the outer surface of the main spindle. The recesses 
1 8a of the first array are inclined with respect to an 
axial direction of the main spindle 16 by a first incli- 
nation angle a and the recesses 18b of the second 
array are inclined with respect to the axial direction of 
the main spindle by a second inclination angle -a. 
Preferably, the recesses 18a and 18b of the first and 
second arrays are formed perpendicularly to each 
other. The coils 17a and 17b are provided such that 
they are opposed to the first and second arrays of 
recesses 18a and 18b, respectively. Therefore, when 
the torque having a given direction is applied to the 
main spindle 16, one of the recesses 18a and 18b is 
stretched and the other is compressed, so that the 
variation of the permeability of the surface portion of 
the main spindle can be detected in a differential man- 
ner. In this manner, the torque applied to the main 
spindle 1 6 can be detected at a high sensitivity without 
coming into contact with the main spindle. 

Fig. 2 is a circuit diagram showing a torque detec- 
tion circuit of the impact wrench according to the 
invention. The coils 17a and 17b form a detection 
bridge circuit together with resistors 27a and 27b and 
junction points A and B, i.e. a first set of diagonal 
points are connected to an exciting current generator 
28 to supply an exciting current having a given fre- 
quency to the bridge circuit. A voltage appearing 
across a junction point C between the coil 17a and 
1 7b and a junction point D between the resistors 27a 
and 27b is detected by a differential amplifier 29 to 
derive a torque detection signal. That is to say, a sec- 



ond set of diagonal points C, D is connected to the dif- 
ferential amplifier 29. The exciting current generator 

28 is also connected a sampling pulse generator 30 
for generating a sampling pulse which is 

5 synchronized with the exciting current. The torque 
detection signal produced by the differential amplifier 

29 is supplied to a sample and hold circuit 31 and is 
sampled and held by the sampling pulse supplied 
from the sampling pulse generator 30. In this manner, 

10 there is obtained a torque measurement signal. 

The mechanism for cutting the supply of the com- 
pressed air to the air motor unit 3 is known and com- 
prises a shut-off valve 21 for controlling the supply of 
the compressed air to the air motor unit 3, said shut-off 

15 valve being provided in the air conduit between the 
rotational direction changing valve 8 and the air motor 
unit 3. 

Fig. 3 is a perspective view showing the whole 
construction of the impact wrench of the present 

20 embodiment which comprises the main portion and a 
controller 20 coupled with the impact wrench. The 
coils 17a and 17b provided in the transducer unit 5 of 
the main portion are connected to the controller 20 by 
means of an electric conductor 19. The controller 20 

25 includes a signal processing circuit 20a and a control 
circuit 20b for detecting the torque applied to the main 
spindle 16 and producing a valve cut command. It 
should be noted that a large part of the torque detec- 
tion circuit shown in Fig. 2 is provided in the signal pro- 

30 cessing circuit 20a. The controller 20 further includes 
a display panel 24 for displaying the detected torque. 

Fig. 4 is a cross sectional view cut along a line A-A 
in Fig. 1 and shows the construction of the shut-off 
valve 21 . In Fig. 4, a reference numeral 22 denotes a 

35 pilot valve of an electromagnetic solenoid type and a 
reference numeral 23 represents an electromagnet. 
The shut-off valve 21 is driven in conjunction with the 
pilot valve 22. 

Fig. 5 is an air circuit diagram of the impact 

40 wrench shown in Fig. 1. When the valve operating 
lever 9 is pulled, the compressed air is supplied from 
a compressed air supply source 25 to the air motor 
unit 3 by means of the main valve 7, rotational direc- 
tion changing valve 8 and shut-off valve 21, and the 

45 rotary driving shaft 1 1 of the air motor unit 3 is rotated 
in a given direction determined by the rotational posi- 
tion of the rotational direction changing lever 1 0. The 
signal processing circuit 20a of the controller 20 com- 
prises a half of the bridge circuit (resistors 27a, 27b), 

so the exciting current generator 28 for producing the 
exiting current which is supplied to the coils 17a and 
1 7b of the transducer unit 5 by means of the electric 
conductor 19. The exiting current has a frequency 
which is sufficiently higher than a frequency of the 

55 rotation of the main spindle 16 under no load. For inst- 
ance, the frequency of the exciting current may be set 
to 1 0 KHz, while the rotational speed of the main spin- 
dle 16 under no load is about 6000 rpm. The im- 
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pedance of the coils 17a and 17b is changed in de- 
pendence upon the change in the permeability of the 
surface portion of the main spindle 16 due to the dis- 
tortion of the main shaft, so that the amplitude of the 
sinusoidal voltage appearing across the junction s 
points C and D of the bridge circuit is changed accord- 
ingly. The sinusoidal voltage appearing across the 
bridge circuit is detected by the differential amplifier 

29 to produce the torque detection signal. Then, the 
torque detection signal is sampled and held in a man- 10 
ner which will be explained later to derive a torque 
measurement signal which represents the peak value 

of the torque applied to the main spindle 16. The thus 
derived torque measurement signal is displayed on 
the display panel 24 and at the same time is supplied 15 
to the control circuit 20b. In the control circuit 20b, the 
torque measurement signal is compared with a pre- 
determined threshold value. When the measured tor- 
que exceeds the threshold value, the control circuit 
20b generates a valve cut command, which is sup- 20 
plied to the electromagnet 23 of the pilot valve 22. The 
pilot valve 22 is opened in response to the valve cut 
command supplied from the controller 20 and then the 
shut-off valve 21 is operated to cut the supply of the 
compressed air to the air motor unit 3, so that the rota- 25 
tion of the main spindle 16 is stopped. 

Now the operation of the signal processing circuit 
20a will be explained in detail. The torque detection 
signal obtained by detecting the output voltage of the 
bridge circuit including the coils 1 7a, 1 7b of the trans- 30 
ducer unit 5 and resistors 27a, 27b has a sinusoidal 
waveform, because the exciting current has a sin- 
usoidal waveform. Fig. 6 shows a waveform of a volt- 
age corresponding to the exiting current supplied to 
the bridge circuit including the coils 17a, 17b and 35 
resistors 27a, 27b and the torque detection signal 
supplied from the differential amplifier 29. It should be 
noted that the phase of the torque detection signal has 
a constant phase difference with respect to the excit- 
ing voltage in regardless of the value of the torque 40 
applied to the main spindle 16. According to the inven- 
tion by utilizing this fact the sampling pulse generator 

30 generates the sampling pulse which is 
synchronized with the phase of the exciting voltage. 

9 A is a phase at which the exciting voltage becomes 45 
minimum and 9 B is a phase at which the exciting volt- 
age becomes maximum. A sample and hold phase is 
set within a range between 9 A and 9 B in which the exci- 
ting voltage is in proportion to the phase. For instance, 
a voltage V s is selected as a reference value and so 
when the exciting voltage exceeds this value V s , 
there is produced a sampling pulse at a phase angle 
of 9 S and the torque detection signal is sampled and 
held by this sampling pulse to derive the torque 
measurement signal. In the present embodiment, the 55 
sampling phase 9 S is set such that the peak value of 
the torque detection signal is detected. According to 
the invention, it is not always necessary to effect the 



sampling at such a timing, but the torque detection 
signal may be sampled and held at any phase which 
is fixedly related to the phase of the exciting voltage. 

Now the operation of the impact wrench of the 
present embodiment will be explained. 

When the valve operating lever 9 is pulled, the 
compressed air is supplied from the compressed air 
supply source 25 to the air motor unit 3 via the shutoff 
valve 21 which is opened, and the rotary driving shaft 
1 1 in the air motor unit 3 is rotated in a given direction. 
The primary rotating force of the rotary driving shaft 1 1 
is converted into the pulsatory secondary rotating 
force by the oil pressure pulse generating unit 4 and 
this pulsatory secondary rotating force is transmitted 
to the main spindle 16 to produce the clamping force. 

During the clamping operation, the torque applied 
to the main spindle 16 is increased and the main spin- 
dle is distorted. This distortion of the main spindle 16 
is detected by the coils 17a and 17b of the transducer 
unit 5 and the torque measurement signal is derived 
by the signal processing circuit 20a of the controller 
20. When the measured torque exceeds the predeter- 
mined threshold value, the control circuit 20b gener- 
ates the valve cut command which is supplied to the 
electromagnet 23 of the pilot valve 22. Then, the pilot 
valve 22 is opened, so that the shut-off valve 21 is 
closed. In this manner, the supply of the compressed 
air to the motor unit 3 is stopped and the rotation of 
the rotary driving shaft 1 1 is stopped. In the manner 
explained above, the clamping action of the main 
spindle 16 is completed and the clamping torque at 
the end of the clamping operation is displayed on the 
display panel 24 of the controller 20. The threshold 
clamping torque may be set by operating a dial 25 pro- 
vided on the controller 20. 

Fig. 7 shows a graph representing the mutual 
relationship between the frequency of the exiting cur- 
rent i.e. response frequency and noise which is con- 
tained in the torque measurement signal which has 
been obtained by sampling and holding the torque 
detection signal in the manner explained above and 
has been transmitted through a filter. A duration of the 
pulsatory secondary torque applied to the main spin- 
dle 16 during the clamping operation amounts to 1 to 
2 ms, so that in order to detect the peak value of the 
pulsatory torque precisely, the response frequency 
should be higher than 1 KHz. In the present embodi- 
ment, the exciting current is set to have the frequency 
of about 10 KHz. As shown in Fig. 7, the noise level 
is sufficiently low up to the response frequency of 10 
KHz when the torque is detected in the manner exp- 
lained above according to the invention. However, 
when the torque detection signal is processed by the 
synchronous detection to measure the torque, the 
noise level becomes very large, if the response fre- 
quency is increased more than 1000 Hz. Therefore, 
according to the present invention, the torque applied 
to the main spindle can be detected very precisely by 
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using the exciting current having a sufficiently high 
frequency, while the Influence of the noise can be 
avoided effectively. 

Fig. 8 shows curves which represent the relation- 
ship between the number of usages and the fluctu- 5 
ation in the detected torque. The experiments were 
conducted by setting the threshold torque value to 5 
kgm, and the fluctuation of the torque is represented 
by 3 <r/x, wherein a is a standard error and x is an aver- 
age value of the detected torque. Fig. 9 is a graph 10 
showing the relationship between the air pressure and 
the repelling force. In Figs. 8 and 9, a curve A denotes 
characteristics of the embodiment of the present 
invention and curves B and C represent character- 
istics of the known impact wrenches described in the 1 5 
above mentioned Japanese Utility Model Application 
Laid-open Publication Jikkai Sho 61-81878 and 
Japanese Patent Application Laid-open Publication 
Kokai Sho 61-4676, respectively. 

In the known impact wrench in which the rotary 20 
transformer is used, the fluctuation of the detected tor- 
que was increased in accordance with the increase in 
the number of usages as shown by the curve C in Fig. 
8 although the repelling force is small as shown in Fig. 
9. In the known impact wrench in which the planetary 25 
reduction gear is used, the repelling force is very large 
as illustrated by the curve B in Fig. 9 although the fluc- 
tuation of the detected torque is small as illustrated in 
Fig. 8. In the impact wrench according to the present 
invention the fluctuation of the detected torque as well 30 
as the repelling force are very small as shown by the 
curves A in Figs. 8 and 9. 

The present invention is not limited to the embo- 
diment explained above, but many modifications and 
alternations may be conceived by those skilled in the 35 
art within the scope of the invention. For instance, in 
the above embodiment, the change of the magnetic 
permeability produced in the outer surface of the main 
spindle made of magnetostrictive material is detected 
by the coils, but this change may be detected by other 40 
magneto-electric transducing means such as a mag- 
neto-resistance element or a Hall element. Further, in 
the above embodiment, the sinusoidal torque detec- 
tion signal is sampled and held at its peak, but accord- 
ing to the invention, the torque detection signal may 45 
be sampled and held at any desired phase point which 
is fixedly related to the exciting current 

As explained above in detail, in the impact wrench 
according to the present invention, the clamping tor- 
que applied to the main spindle is detected by detect- so 
ing the change in the magnetic permeability of the 
main spindle with the aid of the magneto-electric 
transducing means and the detected torque signal is 
sampled and held at a predetermined phase. Theref- 
ore, the torque applied to the main spindle can be 55 
detected without being affected by the vibration of the 
main spindle and the high accuracy of the torque 
detection can be maintained for a very long time. 



Claims 

1. An impact wrench having a torque controlling 
faculty, comprising: 

an air motor unit (3) for generating primary 
torque; 

an air supply unit (2) including an air con- 
duit (6) for supplying compressed air to the air 
motor unit (3), 

a shut-off valve (21) provided in the air 
supply unit; 

a main spindle (16) arranged rotatabiy and 
made of magnetostrictive material; 

torque converting means (4) arranged be- 
tween the air motor unit (3) and the main spindle 
(16), for converting the primary torque produced 
by the air motor unit (3) into secondary torque 
which is applied to the main spindle (16); 

transducing means (5) for detecting a 
change in the permeability of a surface portion of 
the main spindle (16) and producing a torque 
detection signal which represents a change in the 
torque applied to the main spindle (16); 

a signal processing circuit (20a) for sampl- 
ing and holding the torque detection signal at a 
predetermined constant phase and generating a 
torque measurement signal; 

a control circuit (20b) for receiving the tor- 
que measurement signal and producing a valve 
cut command when the torque measurement sig- 
nal exceeds a predetermined threshold value; 
and 

means (22,23) for closing the shut-off 
valve (21) in response to the valve cut command 
to stop the supply of compressed air to the air 
motor unit (3). 

2. An impact wrench as claimed in claim 1 , wherein 
the transducing means (5) comprises first and 
second coils (17a, 17b) secured to a main housing 
(1) of the impact wrench and arranged side by 
side viewed in the axial direction of the main spin- 
dle (1 6) such that the coils are opposed to the said 
surface portion of the main spindle. 

3. An impact wrench as claimed in claim 2, wherein 
the main spindle has first and second arrays of 
recesses (18a, 18b) formed in the said surface 
portion and opposed to the first and second coils 
(17a,17b), respectively, the recesses (18a) of the 
first array being inclined with respect to the axial 
direction of the main spindle (16) by a first incli- 
nation angle, and the recesses (18b) of the sec- 
ond array being inclined with respect to the axial 
direction of the main spindle (16) by a second 
inclination angle which is opposite to the first incli- 
nation angle. 
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4. An impact wrench as claimed in claim 2 or 3, whe- 
rein the transducing means (5) includes first and 
second resistors (27a,27b) which constitute a 
bridge circuit together with the first and second 
coils (17a,17b), a generator (28) for generating 
an exciting current having a sinusoidal waveform 
which is supplied to one set of diagonal points 
(A,B) of the bridge circuit, and a differentia! 
amplifier (29) having input terminals connected to 
the other set of diagonal points (C,D) of the bridge 
circuit and having an output terminal for produc- 
ing the said torque detection signal. 

5. An impact wrench as claimed in claim 4, wherein 
the said signal processing circuit comprises a 
sampling pulse generating circuit (30), connected 
to the exciting current generator (28), for generat- 
ing a sampling pulse whose phase is fixedly 
related to a phase of the exciting current, and a 
sample and hold circuit (31) for sampling and 
holding the torque detection signal generated by 
the differential amplifier (29) in accordance with 
the sampling pulse to produce the said torque 
measurement signal. 

6. An impact wrench as claimed in claim 5, wherein 
the torque converting means (4) comprises an oil 
pressure pulse generating unit for converting the 
primary torque generated by the air motor unit (3) 
into a secondary torque which changes sin- 
usoidally at a first frequency, and the exciting cur- 
rent generator (28) is constructed to generate an 
exciting current having a second frequency which 
is sufficiently higher than the said first frequency. 

7. An impact wrench as claimed in claim 6, wherein 
the said second frequency is higher than 1 kHz. 

8. An impact wrench as claimed in any preceding 
claim, wherein the shut-off valve closing means 
comprises an electromagnet (23) which is ener- 
gized by the valve cut command to cause the 
shut-off valve (21) to close. 

9. An impact wrench as claimed in any preceding 
claim, including a display panel for displaying the 
torque represented by the torque measurement 
signal. 

10. An impact wrench as claimed in any preceding 
claim, including means for changing the said pre- 
determined threshold value. 

11. An impact wrench as claimed in any preceding 
claim, wherein: 

the air motor unit (3) comprises a rotary 
driving shaft (11) arranged rotatably within an 
eccentric cylinder and carrying vanes (12); 



the torque converting means comprises an 
oil pressure pulse generating unit (4), provided 
between the main spindle (16) and the rotary driv- 
ing shaft (11), for converting the primary torque of 
5 the rotary driving shaft into a pulsatory secondary 

torque which is applied to the main spindle (16) 
and has a first frequency; 

the transducing means (5) comprises 
magneto-electric converting means (17a, 17b) for 
10 detecting a change in the permeability of a sur- 

face portion of the main spindle (16), means (28) 
for generating an exciting current which is sup- 
plied to the magneto-electric converting means 
(17a, 17b) and has a predetermined second fre- 
ts quency which is higher than the said first fre- 
quency, and detecting means (27a,27b,29), 
connected to the magneto-electric converting 
means, for detecting a change of the exciting cur- 
rent and producing the torque detection signal, 
20 which represents a pulsatory change of the tor- 
que applied to the main spindle (16); 

the shut-off valve closing means com- 
prises a pilot valve (22) connected to the shut-off 
valve (21), and an electromagnet (23) for driving 
25 the pilot valve; and 

signal transmitting means (19) is provided 
for supplying the valve cut command to the elec- 
tromagnet (23) to close the shut-off valve (21). 
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FIG. 2 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 



i 

a 



I 



12 - 

6 - 
4 



A, 




B 



IO" IO s IOr /O 9 
Number of Usage (Shot) 



15 



EP 0 502 748 A1 




16 



EP0 502 748 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 92 30 1947 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



CLASSIFICATION OF THE 
APPLICATION (lot. CLS ) 



D.Y 



EP-A-0 366 217 ( K. K. TOSHIBA) 

* column 4, line 51 - column 5, line 16 * 

* figure 2 * 

US-A-3 572 447 (R. PAULEY) 

* column 3, line 6 - line 25; figure 1 * 

JP-A-614 676 ( KOKAI SHO) 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 013. no. 189 (M-821)8 Nay 1989 ( NISSAN 
MOTOR COMPANY ) 19 January 1989 
& JP-A-1 016 349 

* abstract * 

US-A-4 281 538 (E. DUOEK) 

* abstract; figures 1,2 * 



11 



1-8,10 



11 



B25B23/145 
G01L3/10 



2.3 



8-10 



TECHNICAL FIELDS 
SEARCHED (Int. CL5 ) 



B25B 
G01L 



The 



search report has been drawn up for all 



Place of teat* 

THE HAGUE 



DtfaoftteafcUNtftti 

17 JUNE 1992 



VI BERG S.O. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken slooe 
Y : particularly relevant if com tan ei with another 
document of the nae category 

A : technological background 
On 
P:l 



T : theory or principle underly in g the 
E : earlier patent document, hot publl 

after the filing date 
D : document cited in the 
L : document dted for other 



a: 



of the i 



17 



